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ABSTRACT: Ninety-six crossbred steers (avg initial wt 269 kg) were allotted to 16 pens in a 2x2x2 factorial design to determine the effects of fibrolytic enzyme addition (0 vs. 62.7 cellulase units/g; – vs. +), forage barley variety (Haybet vs. Westford), and growing location (Feedmill vs. Pavilion) on animal performance and nutrient digestion. Steers were given ad libitum access to their respective roughage sources, 0.45 kg · head-1 · d-1 of a 32% CP supplement, and 2.6 kg · head-1 · d-1 of Baronesse barley.  Pen was the experimental unit in the 59-d trial.  Steers were weighed and diet, ort, and fecal samples were obtained midway (d 30) and upon completion (d 59) of the trial.  Diet and fecal samples were composited by pen and analyzed for DM, OM, N, NDF, ADF, and AIA.  Acid insoluble ash was used as an internal marker to estimate fecal output and to calculate nutrient digestion.  Block (side of feedlot) and period were included in the statistical model.  Steers fed Haybet gained 4 kg more (P = 0.05) and had 5.8% greater (P = 0.05) ADG compared with Westford-fed steers.  Intake as % BW was 23% greater (P < 0.01) for steers fed Haybet than for steers fed Westford.  Steers fed + ate 6.2% more (P = 0.05) than steers fed – when intake was expressed as a % BW.  Digestible DM intake was greater (P < 0.001) for Haybet-fed steers (6.91 kg/d) compared with Westford-fed steers (5.43 kg/d).  Haybet forage barley had superior feeding value for backgrounding steers compared with Westford forage barley.  Fibrolytic enzyme addition improved overall DM intake, however, average daily gain was not improved.
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Introduction


Backgrounding is a practice that can be used to add value to calves by using inexpensive feed to economically put on weight. Some of the reasons for backgrounding calves include: preconditioning calves to enter a feedlot, retaining calves and selling when prices are higher, developing replacement heifers, and adding weight to small framed calves or lightweight calves before selling. 


Improvements have been seen in intake, digestibility, particle passage, and ruminal degradability when ruminant diets are supplemented with fiber-degrading enzymes (Feng et al., 1996). Beauchemin et al. (1995) found that fibrolytic enzymes added to backgrounding steer diets improved fiber digestibility and gain for cubed alfalfa and cubed timothy hay diets, but not for barley silage diets. Fibrolytic enzyme addition has been shown to improve average daily gain and feed-to-gain ratio for barley-based feedlot finishing diets (Beauchemin et al., 1999).

Annual forage barley hectares planted are increasing in Montana.  Annual forage barley varieties were planted to 51 thousand hectares in 2000, which is a 55% increase from 1999 (Montana Agricultural Statistics Service Helena, MT).  Forage barley is often used as an emergency crop in times of drought and winterkill (Maloney et al., 1999) 

.  Forage barley can be managed to produce forage of suitable quality to meet the nutritional needs of most classes of livestock (Maloney et al., 1999).

Most forage barley varieties are released without ever determining forage quality characteristics.  Limited research has been done on the value of forage barley for backgounding steers.  Umoh et al. (1982) evaluated Horsford and Stepford forage barley along several other cereal forages in a backgrounding steer trial and found that cereal forage type did not affect feed intake and average daily gains. 

The objectives of this study were to determine the effects of fibrolytic enzyme addition, forage barley variety, and growing location on animal performance and nutrient digestion of beef steers fed a barley-based backgrounding diet.  

Materials and Methods

Ninety-six crossbred steers (avg initial wt 269 kg) were allotted to 16 pens in a 2x2x2 factorial design for a 59-d growth trial to test the effects of forage barley variety (Haybet vs. Westford), fibrolytic enzyme addition (0 vs. 62.7 cellulase units; - vs. +) and hay growing location (Feedmill vs. Pavilion).  The barley varieties chosen represent the two leading forage barley varieties grown in Montana.  Haybet is a two-row, hooded, white kernelled forage barley released by the Montana Agricultural Experiment Station (Hockett et al., 1990).  It is one of the most commonly grown barley varieties in Montana, second only to Harrington, a malting variety.  Haybet was planted to approximately 33 thousand hectares in 2000 (Montana Agricultural Statistics Service Helena, MT), making up 6.4% of the total state barley acreage.  Westford is a six-row, hooded forage barley variety released by Western Plant Breeders, Bozeman, MT.  Westford was planted to 62 hundred Montana hectares in 2000 (1.2% of the state total).  The two barley varieties were planted in two locations, Feedmill and Pavilion, at the MSU Livestock Teaching and Research Center, near Bozeman, MT in 2000.  Composition of the forage barley varieties grown in the two locations is displayed in Table 1.  All forage barley was chopped to 5.1 cm prior to feeding.  Steers were given ad libitum access to water and their respective roughage sources, 0.45 kg · head –1 · d-1 of a 32% CP supplement, and 2.6 kg · head-1 · d-1 of Baronesse barley. The + treatment had the fibrolytic enzyme added to the 32% CP supplement.  The barley grain was coarsely cracked through a hammer mill prior to mixing.  

Steers were implanted at the beginning of the study with Implus-S® (Upjohn, Kalamazoo, MO).  Steers were weighed and diet, ort, and fecal samples were obtained mid way (30 d) and upon completion (59 d) of the trial.  Initial and final weights were the average of weights obtained on two consecutive days.  Diet and fecal samples were composited by pen and analyzed for DM, OM, N (AOAC, 2000), NDF, ADF (Van Soest et al., 1991), and AIA.  Acid insoluble ash was used as an internal marker to estimate fecal output and to calculate apparent nutrient digestion (Van Keulen and Young, 1977). 

Data were analyzed by the GLM procedure of SAS to test the main effects of forage barley variety, fibrolytic enzyme addition and hay growing location and their interactions (SAS Inst. Inc., Cary, NC).  Pen was the experimental unit.  Block (side of the feedlot) and period were included in the statistical model.  Least square means were separated by the LSD method (SAS Inst. Inc., Cary, NC) if the F-test was significant (P < 0.10). 

Results and Discussion

Forage barley varieties were similar in lignin content, however Haybet grown in the Pavilion location had lower CP, NDF, and NO3-N (Table 1).  It should be noted that three of the variety/location treatments had NO3-N levels above 0.2%.  At this level, caution must be taken when feeding it to livestock, in particular pregnant cows.  Diluting it with non-toxic forages is suggested.

Intake and steer performance on forage barley based diets grown in two locations with and without fibrolytic enzyme are presented in Table 2.  After 59 d on feed, steers fed Haybet gained 4 kg more (P = 0.05) than steers fed Westford.  Average daily gain was 2.6% higher (P = 0.05) for Haybet-fed steers compared with Westford-fed steers.  Intake as a %BW was 10% greater (P < 0.01) for steers fed Haybet than for steers fed Westford.  Umoh et al. (1982) found no difference between Horsford and Stepford forage barley for feed intake, ADG and feed efficiency fed to growing beef steers.  Steers fed + ate 3% more (P = 0.05) than steers fed – when intake was expressed as %BW.  However, there was no improvement (P > 0.10) in ADG (avg 1.21 kg/d).  Beauchemin et al. (1995) reported an improvement in weight gain for steers fed timothy and alfalfa cubes but not for barley silage when fibrolytic enzymes were added.  Steers fed forage barley varieties grown at the Feedlot location had greater (P < 0.10) 59-d total weight gain and ADG when compared to barley grown at the Pavilion location (72.9 vs. 69.3 kg, 1.23 vs. 1.17 kg, respectively).

In vivo nutrient digestibility for backgrounding steers fed forage barley grown in two locations with and without fibrolytic enzyme are presented in Table 3. Digestible DM intake was greater (P < 0.01) for Haybet-fed steers (6.91 kg/d) compared with Westford-fed steers (5.43 kg/d).  Digestible DM and ADF intake did not differ (P >0.10) between + and – fed steers (avg 6.17 kg/d, 1.40 kg/d, respectively).  These results disagree with Beauchemin et al. (1995) who found enzyme addition improved digestible DMI for steers fed barley silage.  The Feedmill growing location had greater (P < 0.01) NO3-N intake when compared to the Pavilion location (11.2 vs. 6.1 g/d).  Haybet had greater (P < 0.01) NO3-N intake when compared to the Westford-fed steers (9.8 vs. 7.4 g/d). Undersander et al. (2000) set guidelines for determining effect of total nitrate in the diet.  One gram of NO3-N intake per 45 kg body weight was considered safe.  Steers consuming Feedmill-grown forage barley ate 1.6 g NO3-N per 45 kg body weight, which is considered safe for most animals but could be hazardous to pregnant and very young animals.

Implications

Forage barley variety influenced backgrounding steer performance and nutrient digestion.  Haybet had superior feeding value for backgrounding steers compared with Westford forage barley.  Fibrolytic enzyme addition improved overall DM intake, however, average daily gain was not improved.
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Table 1.  Composition (DM basis) of forage barley varieties grown at Feedmill and

 Pavilion locations


Feedmill
Pavilion

Item
Haybet
Westford
Haybet
Westford

DM, %
87.1
84.3
91.7
88.1

CP, % 
11.7
10.7
9.4
10.1

NDF, % 
63.2
61.1
51.7
62.8

ADF, % 


38.2
31.8
32.6
41.0

Lignin, % 
6.12
5.71
5.59
6.62

NO3-N, % 
0.22
0.22
0.08
0.20

Table 2.  Performance and intake of steers fed two forage barleys grown at two locations, with and without fibrolytic enzyme addition


Growing Location
Variety
Enzyme

P-value


Feedmill
Pavilion
Haybet
Westford
+
-
SE
Location
Variety
Enzyme

No. calves
48
48
48
48
48
48
-
---
---
---

Initial wt, kg
268.5
268.5
268.4
268.6
269
268
3.3
0.99
0.97
0.83

Dec. 14 wt, kg
309.3
309.9
310.8
308.3
310.1
309.1
3.6
0.91
0.62
0.84

End wt, kg
341.4
337.8
341.6
337.6
339.6
339.6
3.8
0.51
0.47
0.99

Gain, kg
72.9
69.3
73.1
69.0
70.6
71.6
1.5
0.08
0.05
0.63

ADG 1st 30-d, kg
1.36
1.38
1.42
1.32
1.37
1.37
0.04
0.75
0.10
0.99

ADG 2nd 29-d, kg
1.11
0.97
1.06
1.01
1.02
1.05
0.03
0.004
0.30
0.47

ADG 59-d, kg
1.23
1.17
1.24
1.17
1.20
1.21
0.02
0.08
0.05
0.63

Intake 1st 30-d, kg
8.9
9.7
10.3
8.3
9.7
8.9
0.16
0.02
0.0002
0.02

Intake 2nd 29-d, kg
10.0
9.8
10.9
8.9
10.2
9.7
0.26
0.70
0.003
0.28

Intake 59-d, kg
9.5
9.8
10.7
8.8
9.9
9.3
0.16
0.26
0.0003
0.05

Intake 1st 30-d, %BW
3.08
3.34
3.57
2.85
3.33
3.09
0.052
0.02
0.0002
0.02

Intake 2nd 29-d, %BW
3.07
3.04
3.35
2.76
3.12
2.99
0.071
0.75
0.002
0.26

Intake, 59-d, %BW
3.10
3.22
3.49
2.83
3.25
3.06
0.053
0.18
0.0003
0.05

Table 3.  In vivo nutrient digestibility for backgrounding steers fed two forage barleys grown at two locations, with and without fibrolytic enzyme


Growing Location
Variety
Enzyme

P-value


Feedmill
Pavilion
Haybet
Westford
+
-
SE
Location
Variety
Enzyme

Intake









  DM, kg
9.46
9.75
10.64
8.57
9.90
9.31
0.16
0.20
0.0001
0.01

  N, g
199.3
177.1
210.4
165.9
190.7
185.6
4.98
0.005
0.0001
0.48

  NO3, g
11.2
6.1
9.8
7.4
9.1
8.2
0.61
0.0001
0.01
0.32

  NDF, kg
4.92
4.96
5.51
4.37
5.22
4.66
0.13
0.84
0.0001
0.0006

  ADF, kg
2.61
2.74
2.98
2.37
2.85
2.50
0.09
0.31
0.0001
0.01

In vivo digestibility, %









  DM
63.50
64.83
65.10
63.24
63.39
64.94
1.12
0.41
0.25
0.34

  N
60.75
58.17
60.23
58.69
58.78
60.15
1.02
0.09
0.30
0.35

  NDF
57.25
57.07
59.45
54.88
56.73
57.60
1.89
0.95
0.10
0.75

  ADF
50.41
51.10
53.76
47.75
50.47
51.03
2.47
0.85
0.10
0.87

Digestible intake









  DM, kg
6.04
6.30
6.91
5.43
6.29
6.06
0.17
0.28
0.0001
0.32

  N, g
122.7
102.3
127.2
97.9
112.3
112.7
4.03
0.002
0.0001
0.94

  NDF, kg
2.87
2.87
3.28
2.45
3.02
2.71
0.15
.099
0.0008
0.17

  ADF, kg
1.35
1.44
1.61
1.18
1.48
1.31
0.10
0.53
0.0006
0.25
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